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Abstract 
 In the 21st century, digital data drive innovation and decision-making in nearly every 
field. However, little is known about the total size, characteristics, and sustainability of these 
data. In the scholarly sphere, it is widely suspected that there is a gap between the amount of 
valuable digital data that is produced and the amount that is effectively stewarded and made 
accessible. The Stewardship Gap Project (http://bit.ly/stewardshipgap) seeks to investigate 
characteristics of and measure the stewardship gap for sponsored scholarly activity in the United 
States. This paper presents a preliminary definition of the stewardship gap based on a review of 
relevant literature and investigates areas of the stewardship gap for which metrics have been 
developed and measurements made, and where work to measure the stewardship gap is yet to be 
done. The main findings presented are 1) there is not one stewardship gap but rather multiple 
“gaps” that contribute to whether data is responsibly stewarded; 2) there are relationships 
between the gaps that can be used to guide strategies for addressing the stewardship gap; and 3) 
there are imbalances in the types and depths of studies that have been conducted to measure the 
stewardship gap. 
Background 
In the 21st century, digital data drive innovation and decision-making in nearly every 
field.1 Key questions today center not on whether data can add value in these areas, but rather on 
how to obtain access to more data, how best to leverage data given a variety of concerns, 
                                                 
1 Podesta et al. 2014, Big Data Value Association (BDVA) 2015, Manyika et al. 2011, Manyika et al. 2013, Holdren 
2013, Science and Technology Council 2007, Vickery 2011, Houghton and Gruen 2014, Obama 2013, Kalil and 
Miller 2015. 
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including privacy and security, and how much value can be gained by using data.2 This is true in 
both the public and private sectors, where data are increasingly seen as an asset to be used to 
promote innovation, economic growth and trust in or accountability of government,3 and to 
further the arts and advance and verify scientific discovery.4 
Desires for greater transparency and access to data have been particularly high for data 1) 
that are produced at public expense, whether as part of publicly-funded research or other public 
initiatives, and 2) that are used in or produced as part of sponsored scholarly inquiry (“sponsored 
research data”) whether publicly or privately funded. Demand for access to the former is driven 
by public interest and opportunity for public benefit.5  Demand for access to the latter is driven by 
public interest and principles of scholarship, especially those that advocate for open availability 
of knowledge to support further inquiry.6 Demand is also driven by a desire for increased 
accountability. Several high profile cases of suspected or actual fraud, or a lack of supporting 
data have brought greater scrutiny to the availability of data to replicate and verify research 
results.7 
Data used in or produced as part of sponsored scholarly inquiry are of primary interest for 
our research project, which we call the Stewardship Gap study (http://bit.ly/stewardshipgap). 
Included in this category are data sponsored by for-profit corporations that follow conventions of 
public or not-for-profit sponsored research; that is, data that support publications that are 
disseminated through accepted scholarly channels, and that rely on public or not-for-profit 
support for continued access.8  Data resulting from sponsored creative work (such as the visual 
and performing arts) are in scope for a study of the stewardship gap, but expectations 
surrounding data sharing and the funding and policy environments for creative projects are 
different from those for sponsored research data, leading us to give them separate consideration. 
The literature reviewed in this paper relates primarily to public data and sponsored research data.  
Sponsored research data, then, are data for which enduring access is in the public interest 
or interest of scholarship and for which public or scholarly bodies have the agency to preserve 
and make accessible, without being inhibited by proprietary or private interests. For our 
                                                 
2 Manyika et al. 2013, Cummings et al. 2008, NSF 2007, Vickery 2011, 2012, Office of Management and Budget 
(OMB) 2012, Obama 2009 and 2011, Thompson Reuters 2013. 
3 BDVA 2014, Podesta et al. 2014, Berman et al. 2010, Ubaldi 2013, Organization for Economic Co-operation and 
Development (OECD) 2015, Sveinsdottir et al. 2013. 
4 National Research Council (NRC) 2003, National Academy of Sciences (NAS) 2009, Borgman 2012, OECD 2015, 
Wallis et al. 2013, NSF 2007, The Royal Society 2012, Association of Research Libraries 2006, Sveinsdottir et al. 
2013, Tenopir et al. 2011. 
5 Vickery 2011, 2012 Podesta et al. 2014, Manyika et al. 2013, Borgman 2012, Holdren 2013, Obama 2013, OMB 
2012, Ubaldi 2013. 
6 NRC 2003, NAS 2009, Borgman 2012, Royal Society 2012, OECD 2015, Holdren 2013, Research Councils UK 
2015, Tenopir et al. 2011. 
7 See for example the Climatic Research Unit email controversy 
https://en.wikipedia.org/wiki/Climatic_Research_Unit_email_controversy, Vogel 2011, and Wicherts et al. 2011, 
which found a significant rate of errors in the statistical results of studies reported in four high-ranked journals 
published by the American Psychological Association. 
8 See NRC 2003 for rationale about sharing research data, however generated; see Berman et al. 2010 for more on 
public support for research data. 
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particular study, we additionally limit the scope to data produced through activities sponsored by 
the United States government or non-profit or corporate entities incorporated within the United 
States (referred to as “US sponsored research data”), though this paper will review practices and 
relevant studies and trends from other countries. 
Data Stewardship 
The demand for greater access to sponsored research data has focused attention on the 
chain of activities that lead to data access, including what data are saved by those who create 
them, where and how those data are stored and preserved, how they are described, what support 
for their reuse is available, and how they can be discovered and accessed. Taken together, these 
activities to maintain the integrity of and preserve access to data are commonly known as data 
stewardship. The National Academies, in an important 2009 study (NAS 2009, p. 27), defines 
stewardship as: 
 
“…the long-term preservation of data so as to ensure their continued value, sometimes 
for unanticipated uses. Stewardship goes beyond simply making data accessible. It 
implies preserving data and metadata so that they can be used by researchers in the 
same field and in fields other than that of the data’s creators. It implies the active 
curation and preservation of data over extended periods, which generally requires 
moving data from one storage platform to another. The term “stewardship” embodies a 
conception of research in which data are both an end product of research and a vital 
component of the research infrastructure.”  
 
The importance of data stewardship to leveraging sponsored research data for a variety of 
purposes, both now and in the future, is reflected in the initiatives and policies that have been 
created in recent years in countries around the world, particularly in the United States and 
Europe, but in other places as well, to increase access to sponsored research data.9 
While there is general agreement about the actions that must be taken and roles that must 
be played to steward sponsored research data, there is a lack of clarity about who should be 
responsible for carrying out these activities and funding them, and a lack of incentives for 
responsible parties to act. These deficiencies are reflected in the diversity of and lack of 
alignment among policies, deposit requirements, and data sharing practices across the landscape 
of those who fund, manage, create and reuse sponsored research data. A lack of agreement about 
responsibility for fundamental aspects of stewardship, and different understandings of what 
constitutes research data and which data that should be saved and made available contribute to a 
somewhat fractured and diffuse environment for stewardship of sponsored research data.10 In 
                                                 
9 OMB 2002, OMB 2013, Holdren 2013, Obama 2013a, Obama 2013b, Willetts et al. 2013, NASA n.d., OECD 
2007, The Royal Society 2012, Engineering and Physical Sciences Research Council (EPSRC) 2011. 
10 Wynholds et al. 2012, Borgman 2015. See also the discussion of primary versus derived data in Pepe et al. 2014 
and the discussion of which data researchers handed over to data managers in Thaesis and van der Hoeven 2010. 
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fact, despite the large number of data repositories, stewardship initiatives, and policies at 
multiple levels of the research data landscape, little is known about the total amount, 
characteristics, or sustainability of sponsored research data. Based on a lack of comprehensive 
planning for data stewardship and stories from different industries and disciplines, we and others 
suspect that there is or eventually could be a "stewardship gap" between the amount of valuable 
sponsored research data that is produced, and the amount that is effectively stewarded.11 
The value that sponsored research data could have for advancing scholarly inquiry and 
providing public benefit, combined with the lack of answers to fundamental questions such as 
how much data exist and how it is cared for, bring urgency to the task of defining and measuring 
the stewardship gap. This paper explores the extent of the stewardship gap through a review of 
relevant literature, and summarizes efforts that have been made to develop metrics for, and 
measure, aspects of the stewardship gap.  
Defining the Stewardship Gap 
While numerous studies and reports have defined data stewardship, identified 
stewardship needs, put forth strategies to improve stewardship, and undertaken measurement and 
analysis of key factors that contribute to data stewardship (these are discussed below), there do 
not exist metrics for or measurements of the stewardship gap as a whole. 
Measuring the stewardship gap is complex not only because it is difficult to measure the 
amount of sponsored research data that exists, but because a simple quantified measure of data 
would not provide critical information about the stewardship environment, prospects for 
stewardship, or other indicators that could yield insight into the likelihood that data will be 
stewarded either in the short or long term. Measuring the stewardship gap involves taking stock 
of a wide variety of component issues or “gaps” and the ways these interrelate and affect one 
another. 
We show the scale of the issue in Appendix Table 1, in which we identify fourteen gap 
areas, drawn from eighty-seven articles, reports, and other works related to data stewardship. The 
areas include Culture; Knowledge; Responsibility; Commitment; Legal and Policy Issues; 
Funding; Collaboration; Human Resources; Infrastructure and Tools; Curation, Management and 
Preservation; Sharing and Access; Discovery; and Reuse. 
Many of the articles and reports that we examined also indicate a relationship between 
gap areas. For instance, a statement may identify the effect that existing policies have on data 
sharing by researchers, or the impact that a lack of agreement about responsibility has on the 
ability to curate, manage, or preserve data. Some examples of statements and the gap 
relationships identified from them are shown in Table 1. The arrow indicates the direction of 
impact. As the fourth and fifth statements indicate, the influences are not always unidirectional 
                                                                                                                                                             
Berman et al. 2010, Thaesis and van der Hoeven 2010, Downs and Chen 2013, Esanu et al. 2004, ARL 2006, 
Borgman 2015, Borgman 2012. 
11 Berman 2014, Pienta 2006, STC 2007, Berman 2008 and Hilbert and López 2011, Gantz et al. 2008, Turner et al. 
2014. 
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(e.g., knowledge can affect sustainability planning and vice versa).  
 
 
Statement 1: “data sharing is even less systematic in domains where few common-pool resources 
exist” (Borgman 2015) Relationship: infrastructure  sharing 
Statement 2 : “who will pay the costs associated with this curation and quality control” (Reuters 
2013)  Relationship: funding  curation and quality 
Statement 3: “[there is] no group whose mainstream mission it is to plan and coordinate the data 
infrastructure needed for the research community (Berman 2014) Relationship: responsibility 
 commitment  planning  infrastructure 
Statement 4: “Data curation faces the challenge that the data must be housed, managed, and 
made accessible prior to use, but actual uses may not be known until after sizeable investments 
are made (Wynholds et al. 2012) Relationship: knowledge  planning 
Statement 5: “not possible to know costs until a preservation strategy is chosen” (Lavoie 2006, 
Eakin et al. n.d.) Relationship: planning  knowledge 
Figure 1. Statements about gap areas and the relationships between them. 
 
Figure 2 shows the relationships between the fourteen gap areas as identified from more 
than three hundred relationship statements like the ones above within seventy-three of the eighty-
seven works.12 The figure is arranged to show that gap areas in each column impact the gap areas 
in the rows below them. For instance, Culture (in the first column) impacts Knowledge, 
Commitment, Legal and Policy Issues, etc. (the gap areas in the rows of that column) The 
relationships shown are direct relationships from the statements. That is, one might infer that 
legal and policy issues would have an impact on how much we know in certain areas, or who is 
responsible for which aspects of stewardship. Since these relationships are not explicitly 
indicated in the literature, however, they are not represented here. The figure, then, does not 
attempt to represent comprehensive or definitive relationships between the gap areas. It does, 
however, represent what has been written about in a fairly large sample of widely cited literature 
about research data stewardship and as such is revealing. 
 
                                                 
12 A complete data file containing the gap areas, relationships, and statements from literature these were derived 
from is linked to from the project website: http://bit.ly/stewardshipgap. 
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Funding                         
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Infrastructure and Tools                          
Curation, Mgmt, Preservation                          
Sharing and Access                           
Discovery                  
Reuse                            
Figure 2. Gap areas and relationships between them 
 
Horizontal rows with significant amounts of red indicate areas where many factors are at 
play. For instance, there are many factors that affect funding for data stewardship, the seventh 
row from the top (e.g., Culture, Knowledge, Responsibility, Commitment, etc.). Rows with 
significant white space indicate areas that may be difficult to address because there are not a lot 
of identified factors that influence them. For instance, Responsibility is impacted by 
Collaboration and Commitment, but there are few factors that affect Collaboration and 
Commitment themselves (and two of the factors that affect Commitment are bi-directional 
relationships with Responsibility and Collaboration).  
One of the findings from this analysis is that many gap areas that have the largest impact 
on other areas (“strong gaps”) are affected by relatively few factors. Some examples are 
Collaboration, Culture, Knowledge, Responsibility and Commitment. The analysis suggests that 
changes in these areas could significantly benefit data stewardship, but also that they may be 
more difficult to influence. The flip side of this analysis is that there are at least some factors that 
influence strong gaps (e.g., Collaboration is impacted by Infrastructure and Tools and Culture by 
Funding and Legal and Policy Issues) and could potentially be leveraged in efforts to change the 
size and nature of the gap in those areas. 
A second finding is the scarcity of references to factors that impact Discovery of data, or 
  
7 
 
that Discovery impacts. Discovery is only mentioned in a couple of contexts in the reviewed 
literature, mainly in connection with infrastructure (e.g., that infrastructure is needed for 
discovery). Many sources talk about curation, management and preservation influencing reuse of 
data, but notably skip the step of how it is made known that data are available for reuse.  
Stewardship Gap Measurements and Metrics  
Our initial review of the literature led us to identify fourteen areas relevant to the stewardship 
gap. An expanded view of these gap areas is helpful for purposes of analyzing the relationships 
between them. However, we have collapsed the areas into the six categories below for ease of 
discussion and representation: 
1. Culture (including Legal and Policy Issues) 
2. Knowledge 
3. Responsibility 
4. Commitment 
5. Resources (including Infrastructure and Tools, Human Resources and Funding) 
6. Stewardship Actions (including Curation, Management and Preservation, Sustainability 
Planning, Collaboration, Sharing and Access, Discovery, and Data Reuse) 
 
With these gaps areas identified, we set out to explore in which areas measurements had 
been taken or metrics developed, considering that a complete measurement of the gap, or metrics 
for measuring it, would at the least comprise the sum of existing measurements and metrics. For 
the purposes of our investigation, we considered studies to be measurements if they gathered 
information relevant to a stewardship gap area (whether through case studies, interviews, 
surveys, ethnography, or another method), and to develop or articulate metrics if they stated 
criteria that could be used as a basis for measurement. 
Examples of Measurement and Metrics Studies 
Fecher et al.’s 2015 article “What Drives Academic Data Sharing” is an example of a 
study including both measurements and metrics. In it, Fecher and colleagues describe a 
framework for understanding data sharing in academia (metrics). The framework comprises six 
categories of factors that impact data sharing. These are, as described in the paper: 
 Data donor, comprising factors regarding the individual researcher who is sharing 
data (e.g., invested resources, returns received for sharing) 
 Research organization, comprising factors concerning the crucial organizational 
entities for the donating researcher, being the own organization and funding 
agencies (e.g., funding policies) 
 Research community, comprising factors regarding the disciplinary data-sharing 
practices (e.g., formatting standards, sharing culture) 
 Norms, comprising factors concerning the legal and ethical codes for data sharing 
  
8 
 
(e.g., copyright, confidentiality) 
 Data recipients, comprising factors regarding the third party reuse of shared 
research data (e.g., adverse use) 
 Data infrastructure, comprising factors concerning the technical infrastructure for 
data sharing (e.g., data management system, technical support) 
 
 In order to develop the framework, Fecher et al. conducted a systematic review of 
literature and survey of secondary data users (measurement).  For our analysis, we consider 
literature reviews by themselves as measurement if authors aggregated information across 
literature to show trends (e.g., in attention to data sharing as Fecher et al. do), or take 
measurements (e.g., of value and impact as in Vickery 2011).  
In their survey, Fecher et al. explored questions such as why researchers do not share 
data, what returns or awards are received from data sharing, whether data sharing is encouraged 
by employers or funding agencies, what would motivate researchers to share data, and what 
value is gained from data sharing. They related the results from their survey to findings of other 
studies on data sharing in order to build the data sharing framework, which they believed had 
both theoretical and practical use. From a theoretical standpoint, their findings indicated that, in 
contrast to theoretical representations of open science or crowd science, “[r]esearch data is in 
large parts not a knowledge commons.” On the contrary, their results pointed to “a perceived 
ownership of data (reflected in the right to publish first) and a need for control (reflected in the 
fear of data misuse). Both impede a commons-based exchange of research data.” This finding, 
they argued, had practical implications for policy:  
 
“Considering that research data is far from being a commons, we believe that research 
policies should work towards an efficient exchange system in which as much data is 
shared as possible. Strategic policy measures could therefore go into two directions: First, 
they could provide incentives for sharing data and second impede researchers not to 
share.” 
 
Overall, Fecher et al. argued that the framework they presented helped “to gain a better 
understanding of the prevailing issues and [provide] insights into underlying dynamics of 
academic data sharing.”13 
 Fecher et al.’s study is out of the norm among studies on data sharing in addressing both 
measurement and metrics. Out of 45 reviewed studies, only one other study on data sharing 
articulated metrics. This was “A game theoretic analysis of research data sharing.”14 In their 
paper, Pronk et al. develop a game theoretic model in which there is a cost associated with 
sharing datasets and a benefit associated with reusing datasets. The model includes such 
parameters as the time-cost to prepare a dataset for sharing and for reuse, citation benefit, and the 
                                                 
13 All quotes are from Fecher et al. 2015, p.19. 
14 Pronk et al. 2015. 
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probability of finding an appropriate dataset to reuse, and the percentage of scientists sharing 
their research data. Pronk et al. ran simulations (for the purposes of our study considered 
measurements) with varying parameter values and found that not sharing data is the best option 
for researchers individually. That is, “it would be logical if all individual researchers would 
choose not to share and eventually end up getting the average impact by citations depicted at 
zero percent sharing.”15 They described this as a classic example of the prisoners dilemma 
phenomenon (individuals are better off not sharing, but all would be better off if all shared). 
Along with suggesting strategies to improve each of the parameters (time spent to access and 
reuse a dataset, chances of finding a dataset to reuse, time associated with sharing a dataset, etc.), 
Pronk et al. concluded that while policies are useful tools, reducing the costs of sharing and 
introducing a ‘citation benefit’ with shared datasets would result in the greatest sharing of data 
and overall benefit for researchers both individually and as a community. 
 The majority of studies regarding data sharing took measurements only, exploring 
questions such as attitudes towards data sharing, whether data is shared and how, limits on data 
sharing (e.g., privacy, intellectual property, or security concerns), incentives for data sharing, and 
problems encountered when trying to share data. 
Measurement and Metrics Across the Literature 
Figure 3 shows a visualization of the distribution of one hundred forty-five studies, 
reports, and projects (referred to as “studies”) that either measure or provide metrics for 
measuring aspects of the stewardship gap. There are fifty-six distinct gap areas within the six 
major categories, and we identified studies conducted in forty-six of the fifty-six areas.16 Many 
studies were relevant to more than one gap area. The total distribution of studies is as follows: 
Culture: 73; Knowledge: 47; Responsibility: 18, Commitment: 2, Resources: 37, Actions: 87. 
The studies reviewed do not comprehensively represent all written works related to 
stewardship gap areas. However, as in Figure 2, they represent a large subset of works that are 
frequently referenced and that we viewed as highly relevant to our investigation of the 
stewardship gap.17 The bibliography is posted online (http://bit.ly/stewardshipgap_bibliography), 
and we expect to add to it over time. The size of the rectangles in Figure 3 indicates the number 
of studies that have been undertaken to measure aspects of the stewardship gap, and the color 
                                                 
15 Pronk et al. 2015, p.7. 
16 No studies were found in the following areas: Tradeoffs between data management for short or long term, Lack of 
critical mass, Support structures [for collaboration], Archive mandates and objectives, Imbalance in funding, 
Unequal access to resources and expertise, Different timescales of infrastructure development and maturity, and 
Provenance and authenticity. Although no studies were identified, these areas are represented in the treemap (as the 
smallest boxes) to provide a picture of the overall landscape. 
17 As an example, for the most part we scoped our references to those having to do with research data in particular 
(as opposed, for instance, to research publications). However, there are a number of studies, particularly related to 
amounts of data, that go beyond the scope of research data). These were included because they are significant works 
in the field (e.g., Gantz 2007) and because we viewed aspects of the methodology and overall area of study as highly 
relevant to characterizing and understanding the stewardship gap. 
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indicates the number of studies that have articulated metrics (grey indicates no studies were 
found, blue indicates one to four studies, red indicates five to nine studies, and yellow indicates 
10-14 studies). Figure 3 does not show the impact or influence that certain studies may have had. 
A dynamic version of the visualization is available from the Stewardship Gap Project website 
(http://bit.ly/stewardshipgap).  
The studies we examined were limited for the most part to those dealing explicitly with 
research data (as opposed, e.g., to preservation of digitized cultural materials), plus a few others. 
These include studies that investigated the total amount of digital information,18 studies targeted 
toward digital curation skills broadly (but that include consideration for research data)19 and 
some studies that investigated public sector or government information.20 
No measurement studies were found in the following areas (and thus neither 
measurement or metrics studies are represented in Figure 3): Tradeoffs between data 
management for the short or long term; Lack of critical mass for collaboration; Support 
structures for collaboration; Duration of commitment (one metrics study); Archive mandates and 
objectives; Provenance and authenticity; Reuse possibilities; Imbalance in funding; Unequal 
access to resources and expertise; Different timescales of infrastructure development and 
maturity. 
 
 
 
  
                                                 
18 E.g., Lyman and Varian 2000 and 2003, Gantz 2007, Manyika 2011 and others. 
19 E.g., the DigCurV project (Cirrinnà et al. 2013) and the DigCCurr initiative (Hank et al. 2010). 
20 Vickery 2011, Ubaldi 2013. 
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Figure 3. Distribution of studies relevant to the stewardship gap 
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Results 
Many stories could be told from the results presented in Figure 3. The results most 
pertinent from the perspective of measuring the stewardship gap are imbalances and differences 
in the numbers and types of studies in the different gap areas. These are, more specifically:  
 Imbalances in the attention given to different gap areas 
 Imbalances between the number of measurements and metrics studies 
 Differences in the depth of investigation undertaken 
Imbalances in attention to different areas 
The size of the boxes in Figure 3 shows the differing amounts of attention that have been 
given to measuring aspects of the stewardship gap. The small amount of attention given to 
Commitment and Collaboration are particularly striking since, as discussed above, these are two 
areas where deficiencies or strengths have the greatest impact on other gap areas. The large 
number of studies on sharing and access issues (both those under Culture and Access) in 
comparison those on Planning, Legal and Policy issues, Funding, and issues having to do with 
Curation, Management, and Preservation, is also notable given the influence these areas have on 
data sharing (as shown in Figure 1). 
Figure 3 also illustrates, by color, the differing attention given to metrics across the gap 
areas. Some of the most surprising results relate to areas where no metrics were found (thirty out 
of fifty-six areas). These include metrics for understanding when data are managed in a 
fragmented way, when there is a lack of strategy and planning, how to identify dynamic and 
adaptable infrastructure, how to determine whether data are discoverable, understanding a 
variety of issues related to collaboration (identifying critical mass for collaboration, challenges 
forming partnerships, evaluating support structures for collaboration, and identifying when there 
is a lack of collaboration), what constitutes adequate funding or staff support, how to identify 
different cultures of research and development, and several others. A lack of metrics in these 
areas may also indicate a lack of common targets for individuals or organizations to aim to 
achieve, and a deficiency in means of evaluating progress.  
Imbalances in measurements and metrics studies 
 There are several areas where the contrast between measurement and metrics studies is 
particularly striking. These include metrics for sharing attitudes and practices (45 measurement 
studies to 2 articulating metrics), reuse of data (26 to 2), fragmented data management (21 to 0), 
lack of skills (19 to 4), lack of infrastructure (19 to 2), lack of tools (16 to 1), lack of funding (12 
to 0), difficulty management data for reuse (14 to 2), lack of support for data management (10 to 
0) and incentives and deficiencies in, and alignment among legal and policy issues (5 to 1, 10 to 
0, and 11 to 3, for incentives, deficiencies, and alignment, respectively). 
One of the common challenges mentioned in studies of stewardship gap areas is the 
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difficulty in applying findings from one study to another.21 It is possible that a greater focus on 
metrics in the areas above, and generally in areas where metrics have been articulated but not 
widely agreed upon, would facilitate greater exchange of results and findings across disciplinary 
and other boundaries.  
Differences in the depth of studies 
Throughout our review it became clear that there were two general types of studies that 
were undertaken to measure stewardship areas. In one type, which we termed “targeted,” the 
entire investigation was focused in one or two closely related areas.22 The other, comprising 
“wider” studies, investigated several different gap areas at once, often in the context of a campus 
or in some cases national or international study designed to gather information to better 
understand issues in or improve services for research data management and stewardship.23 There 
are 117 studies (including both measurement and metrics studies) of the 145 reviewed that are 
targeted, and 28 that are wider. 
Wider studies are frequently in-depth for their intended purpose, but may ask only one or 
a few questions related to a given gap area (e.g., about how much data researchers store, attitudes 
towards sharing, or research data management skills) in the context of a broader survey. A raw 
count of studies can thus overestimate the depth of investigation that has occurred in a particular 
area. Table 1 shows stewardship gap areas with a large proportion of wider as opposed to 
targeted studies (see in particular the Wider column under Measurement).  
 
 Measurement 
Gap SubArea Targeted Wider Total 
Fragmented data management 7 14 21 
Lack of infrastructure 4 16 19 
Lack of skills 4 15 19 
Difficulty managing data for reuse 3 11 14 
Insufficient data curation or 
management 4 14 18 
Lack of funding 2 10 12 
Lack of tools 4 12 16 
Identifying what is valuable 4 7 11 
Lack of support for data 0 10 10 
                                                 
21 See Ashley 2012, Beagrie and Houghton 2014, Borgman et al. 2014. 
22 E.g., Akmon 2014, Atkins 2003, Ayris et al. 2010, Beagrie and Houghton 2013a and 2013b, Borgman et al. 2014, 
Cirrinnà et al. 2013 and many others.  
23 Some examples are Alexogiannopoulos et al. 2010, Gibbs 2009, Hoeflich Mohr et al. 2015, Jerrome and Breeze 
2009, Martinez-Uribe 2009, Mitcham et al 2015, Open Exeter Project Team 2012, Parsons et al. 2013, Perry 2008, 
Peters and Dryden 2011, Thornhill and Palmer 2014, UNC-CH 2012, Kuipers and van der Hoeven 2009, Waller and 
Sharpe 2006. 
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 Measurement 
Gap SubArea Targeted Wider Total 
management 
Conduct stewardship activities 0 9 9 
Deficiencies that inhibit 
stewardship, access, and use 0 10 10 
Standards 1 7 8 
Incentives that support 
stewardship, access, and use 0 5 5 
Evaluation of quality 1 4 5 
Lack of people 1 4 5 
Lack of strategy and planning 1 3 4 
Table 1. Gap areas with a large proportion of “wider” studies 
 
The proportion of targeted versus wider studies is not indicated in Figure 3, but is an 
important factor in understanding the universe of research relevant to the stewardship gap. In 
sixteen of the forty-seven gap subareas where some type of study was found, two thirds or more 
of the measurement studies were not in-depth studies in that area.24  
Conclusion 
This paper has reported the results of our efforts to understand the nature and 
characteristics of the stewardship gap through a review of relevant literature. In the process of 
our review we came to understand that there is not a single stewardship gap, but rather numerous 
and diverse components that contribute to and influence whether research data are responsibly 
stewarded. We identified fourteen gap components or areas from the literature and the 
relationships between them. We further categorized these components into six major areas, 
Culture, Knowledge, Responsibility, Commitment, Resources, and Actions, and identified 
studies that had been conducted to measure or develop metrics in these areas and corresponding 
subareas. Our desire to measure the stewardship gap led us to focus on three primary results: 
imbalances in the attention given to different gap areas in the reviewed literature, imbalances in 
                                                 
24 We do not assert a broad correlation between the depth of investigation and the breadth of the investigated areas. 
We did find a number of wider studies, however, that did not treat individual gap areas at depth and it is this finding 
we wish to represent. The degree of depth was particularly noticeable in the studies listed in Table 2. We did find 
some wider studies that covered topics in greater depth than many wider surveys, though they were rare. Some 
examples are 1) Tenpoir et al. 2012 whose investigation covered the following areas: Coordinate stewardship 
activities, Lack of strategy and planning, Lack of collaboration, Lack of people, Lack of skills, Lack of support for 
data management, Lack of infrastructure, and Lack of tools; and 2) Wynholds et al. 2011, whose investigation 
covered the following areas: Identifying what is valuable, Demand for data, Dynamic and adaptable infrastructure, 
Incentives that support stewardship, access, and use, Fragmented data management, Insufficient data curation or 
management.  
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the number of measurement versus metrics studies, and differences in the depth at which studies 
investigated gap areas.  
Our review has shown the stewardship gap literature to be rich with descriptions of 
challenges to effective stewardship, but that measurement of those challenges is haphazard and 
imbalanced. At the same time, the literature is also rich with descriptions of the relationships 
between challenge or gap areas, and these relationships can provide guidance to institutions and 
organizations, acting individually or cooperatively, to prioritize and affect gap areas that are 
most relevant to their situations and needs. Some key questions going forward are: 
 What strategies are most effective for addressing particular gaps or combinations of gaps, 
and over what timescales? 
 How might these strategies differ depending on discipline, cultures of practice, or levels 
of knowledge, responsibility or commitment? 
 How can we improve ongoing measurement and evaluation of gap areas to adjust 
strategies appropriately over time? 
 How can we stay abreast of changes to the gap areas themselves to ensure meaningful 
and accurate measurement? 
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Appendix 
The following table provides descriptions of identified stewardship gap areas and citations to the 
sources they were identified from. 
 
Culture   
 Culture Description: Gap arising from differences in attitudes, goals, 
practices, and priorities among disciplines and communities 
that impact data stewardship and reuse 
Indicators: Differences in attitudes and practices for sharing 
data,25 priority and value of stewardship,26 cultures of 
research and development,27 definitions of data,28 use of 
standards,29 mandates and objectives of archives,30 appraisal 
criteria (identifying what is valuable);31 differing means of 
determining quality;32 differing amounts of interest in, and 
demand for, reusing data33 
 Legal/Policy Description: Gap between current regulations and policies 
that govern data stewardship and reuse and those that would 
maximally facilitate stewardship and reuse 
Indicators: Lack of incentives to undertake activities that 
directly or indirectly support stewardship (such as data 
sharing, curation and preservation, planning and deposit,34 
experimentation,35 partnership,36 and investment in 
stewardship,37); deficiencies in policy and legal environments 
                                                 
25 Fecher et al. 2015, NRC 2003, OECD 2015, Ubaldi 2013, NSF 2007, Wallis et al. 2013. 
26 Esanu 2004, NAS 2009, NRC 2003, Borgman 2015, NSF 2007, STC 2007, Wynolds et al. 2011, Pepe et al. 2014, 
Berman et al. 2010, Berman 2014. 
27 Borgman et al. 2014, Finholt and Birnholtz 2006, NSF 2007. 
28 Atkins et al. 2003, Ubaldi 2013, Esanu et al. 2004, Borgman 2012, Read et al. 2015, Sturges et al. 2015. 
29 Esanu 2004, Ubaldi 2013, OECD 2015, Borgman 2015; Lack of common (cross-domain) standards for 
annotation, description, quality, curation, formats, citation, infrastructure: NRC 2003, McDonough 2012, Reeves et 
al. 2015, STC 2007, Pepe et al. 2014, Science Staff 2011. 
30 Esanu et al. 2004. 
31 Esanu et al. 2004. 
32 Esanu et al. 2004. 
33 Borgman 2012, Wallis et al. 2013. 
34 Borgman 2012, Wallis et al. 2013, OECD 2015, ARL 2006, Thompson Reuters 2013, Manyika et al. 2011, The 
Economist 2010, Pienta et al. 2010, Hedstrom and Niu 2008, Lavoie 2003, Bradley 2005, Eakin n.d., Pepe et al. 
2014. 
35 NSF 2007 (in the social science and humanities).  
36 Berman et al. 2010. 
37 Ubaldi 2013. 
  
17 
 
(especially regarding privacy, confidentiality, security, and 
intellectual property) that inhibit data storage and sharing,38 
data reuse,39 competition,40 and innovation;41 lack of 
consistency and alignment among regulations and policies 
from journals, funders, and the federal government regarding 
data sharing;42 institutional structures and pressures that pit 
the creation of new data against preservation of existing data 
or otherwise curtail abilities to support stewardship43 
Knowledge  Description: Gap between what is known and what needs to 
be known to effectively plan for and ensure effective data 
stewardship 
Indicators: Lack of knowledge about costs and benefits of 
curation, preservation and provision of access;44 what data 
exist;45 skills and qualifications for relevant jobs and 
education programs;46 what will have value in the future and 
how long data should be retained;47 preservation practices and 
infrastructure;48 what data are reused, by whom, and for what 
purposes;49 the challenges of enabling reuse;50 the future of 
scholarly communication;51 lack of awareness about where to 
deposit and possibilities of data reuse;52 lack of information 
about provenance and authenticity that inhibits data 
curation;53 lack of information about preservation 
commitments by repositories54 
Responsibility  Description: Gap between who currently has responsibility 
                                                 
38 NRC 2003, NSF 2007, Borgman 2015, Ubaldi 2013, OECD 2015. 
39 OECD 2015, Ubaldi 2013, Marchionini et al. 2012. 
40 OECD 2015, Manyika et al. 2011. 
41 Manyika et al. 2011, Ubaldi 2013. 
42 Sturges et al. 2013, Reeves et al. 2015, Borgman 2012, Ubaldi 2013, Thaesis and van der Hoeven 2010. 
43 Berman 2014, Ember and Hanisch 2013, NAS 2009, NSF 2007, Downs and Chen 2013, Edwards et al. 2013, 
Ubaldi 2013. 
44 Brown et al. 2015, Weigert 2015, Eakin et al., n.d., Lavoie 2006, Hendley 1998, Russell and Weinberger 2000, 
STC 2007, Ubaldi 2013, Houghton and Gruen 2014, Kupiainen 2015, Lyon 2007. 
45 Weigert 2015, Ubaldi 2013; Ubaldi speaks in particular about the data in possession by governments. 
46 Borgman 2015, Lynch 2008. 
47 Brown et al. 2015, Esanu et al. 2004, NAS 2009, Borgman 2015, Read et al. 2015, STC 2007. Note: in Figure 2, 
studies in this category have been recorded in the Culture category along with studies that deal with identifying what 
is valuable.  
48 STC 2007. 
49 Wynholds et al. 2012. Note: In Figure 2, these studies are listed under Reuse.  
50 Brown et al. 2015. 
51 NSF 2007. 
52 Sturges et al. 2015, Wallis et al. 2013. 
53 Tenopir et al 2015, Kuipers and van der Hoeven 2009, Thaesis and van der Hoeven 2010. 
54 Lavoie and Malpas 2015. 
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for stewardship and who is best placed to steward data over 
time 
Indicators: Lack of clarity about who should maintain data 
over time,55 and who should be responsible for funding and 
supporting stewardship activities (such as data storage, 
curation, quality control, preservation, sharing, and access);56 
lack of clarity about who should coordinate stewardship 
activities57 
Commitment  Description: Gap between the stewardship commitments that 
exist on valuable data and the commitments necessary to 
ensure long-term preservation and access 
Indicators: Mismatches in the duration of funding (short) and 
preservation commitment (long);58 difficulty of building 
institutional commitments;59 differences between the scale of 
need for on-campus data curation and the commitment to 
address it60 
Resources   
 Human 
Resources 
Description: Gap between the human effort and skills needed 
to steward and make data accessible, and the effort and skilled 
workers that are available 
Indicators: Lack of skills for digital preservation, data 
management and curation, and reuse of data;61 difficulty in 
retaining skilled workers; mismatch between job 
classifications like archivist and librarian, and the actual 
demands of the data world; 62 skills are unevenly distributed 
in organizations and across domains;63 data curation is time 
consuming and competes with other priorities;64 unequal 
access to the resources and expertise necessary to create and 
operate a digital data collection;65 insufficient effort and 
support for data management;66 challenges in designing and 
                                                 
55 Berman et al. 2010, Sturges et al. 2015, Borgman 2015, Downs and Chen 2013, Thompson Reuters 2013. 
56 Berman 2010, Downs and Chen 2013, Thompson Reuters 2013. 
57 Berman et al. 2010, Berman 2014. 
58 Ember and Hanisch 2013, Kupiainen 2015, Dillo et al. 2015. 
59 Borgman 2015. 
60 Giarlo 2012 (commitment by academic libraries specifically). 
61 Brown et al. 2015, Downs and Chen 2013, Wallis et al. 2013, Eakin et al. n.d., OECD 2015, Ember and Hanisch 
2013, Borgman 2015. 
62 Ember and Hanisch 2013. 
63 OECD 2015, Atkins et al. 2003. 
64 Pampel and Dallmeier-Tiessen 2014, Borgman 2015, Wallis et al. 2013, OECD 2015, McDonough 2012. 
65 NSB 2005. 
66 Wynholds et al. 2011, NAS 2009. 
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staffing of organizations that work with faculty to provide 
access services;67 lack of available staff to pursue repository 
certification68 
 Infrastructure 
and Tools 
Description: Gap between the infrastructure available to 
steward and reuse data and infrastructure needed to maximize 
stewardship and reuse capabilities 
Indicators: Lack of infrastructure for large-scale, long-term 
digital preservation;69 lack of shared community resources to 
support scholarship;70 difficulty in meeting both general and 
specialized or local needs for infrastructure;71 insufficient 
infrastructure and support to adapt to new digital strategies 
and business models;72 lack of uptake of developed tools;73 
lack of tools to facilitate open access to government data;74 
few robust systems for making decisions about what to 
preserve; 75 different pieces of infrastructure evolve on 
different time scales (e.g., technology fast, universities and 
publishers more slowly)76 
 Funding Description: Gap between the funding needed for effective 
stewardship and the funding available 
Indicators: Lack of funding for data stewardship;77 mismatch 
between budget levels and funding to retain skilled people;78 
dearth of public funding; disproportionate private funding in 
the social sciences and humanities;79 lack of funding for 
innovation;80 threat of funding cuts81 
Actions   
 Curation, 
Management, 
Description: Gap between the ways data is managed and 
prepared for preservation and reuse and ways that would 
                                                 
67 Lynch 2008. 
68 Edwards et al. 2013. 
69 Downs and Chen 2013, Kuipers and van der Hoeven 2009. 
70 Borgman 2015. 
71 Cummings et al. 2008, Atkins et al. 2003, Lynch 2008, Borgman 2015. 
72 Johnson et al. 2015. 
73 4C Project Executive Briefing Note 2013. 
74 Ubaldi 2013. 
75 Berman et al. 2010. 
76 Borgman 2015. 
77 For libraries and museums (Downs and Chen 2013, Berman et al. 2010, Erway 2013), domain repositories (Ember 
and Hanisch 2013), and for general storage and preservation activities (Pepe et al. 2014, Ember and Hanisch 2013, 
Borgman 2015). 
78 Ember and Hanisch 2013, Borgman 2015. 
79 NSF 2007. 
80 Kupiainen 2015, Dillo et al. 2015. 
81 Pepe et al. 2014. 
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and 
Preservation 
maximize its potential for preservation and reuse 
Indicators: Data is managed in a fragmented way or not 
made available to be curated and preserved;82 difficulty in 
managing data for reuse;83 insufficient curation resulting in 
data that is difficult to use or unusable; 84 difficulty in 
establishing the trustworthiness of curated data;85 tradeoffs 
between data management for immediate use or long-term 
preservation;86 difficulty in maintaining the integrity of data 
over time87 
 
This gap includes attributes of the end results of curation, 
management, and preservation such as interoperability and 
quality that affect preservation and reuse of data.88 
 Sustainability 
Planning 
Description: Gap between planning that is done to ensure 
adequate resources for stewardship and the planning that is 
needed 
Indicators: Lack of business and economic models for 
stewardship and access;89 shortcomings in the design of 
archives in light of continual change in stewardship 
landscape;90 lack of strategy and planning91 
 Collaboration Description: Gap between the collaboration needed for 
effective stewardship and the collaboration that takes place 
Indicators: Lack of critical mass to develop and sustain 
shared data resources;92 lack of institutional structures to 
ensure accountability, transparency, quality of data and 
                                                 
82 Borgman 2015, Addis 2015, Pepe et al. 2014, Thaesis and van der Hoeven 2010, Gantz 2007. 
83 Berman 2008, Science Staff 2011, Esanu 2004, STC 2007, Borgman 2015, Rauber 2012. 
84 Sturges et al. 2015, Noorman et al. 2014, Rauber 2012, Eakin et al. n.d., Wynholds et al. 2011, Kuipers and van 
der Hoeven 2009. 
85 Rauber 2012. 
86 McDonough 2012. 
87 Podesta et al. 2014. 
88 Some specific gaps in interoperability include a lack of or low level of interoperability among data sources 
(Wynholds et al. 2011, Ubaldi 2013), and the phenomenon that interoperability among certain data and stakeholders 
of data can result in lack of interoperability with other data and stakeholders (Borgman 2015). Some gaps in quality 
include disparate procedures and metrics among archives for data quality (Esanu et al. 2004);88 quality issues can be 
difficult to monitor; it can be difficult to trust data quality (Tenopir et al. 2015). 
89 Downs and Chen 2013, Thompson Reuters 2013, ARL 2006, Ubaldi 2013, OECD 2015, Brown et al. 2015, 
Berman 2014, Edwards et al. 2013, Borgman 2015. 
90 Esanu et al. 2004, Rosenthal et al. 2005 (cited in STC 2007), Borgman et al. 2014, Atkins et al. 2003, Burda and 
Teuteberg 2013, Palmer 2015, Downs and Chen 2013. 
91 Edwards et al. 2013, NSB 2005, Lynch 2008, Kuipers and van der Hoeven 2009, Ubaldi 2013 (Ubaldi is speaking 
about open government data in particular). 
92 Borgman 2015. 
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responsibility in a collaborative context or to span needs for 
local and national resources and build innovate 
infrastructures;93 lack of formal digital communities and 
platforms for online collaboration in the humanities;94 
managing needs for infrastructure and changing 
responsibilities of researchers, data managers, users, and 
funders can only be done collaboratively given the scale of 
the issues, the costs, and the interdependency involved;95 lack 
of information sharing regarding the construction and 
operation of virtual organizations96 
 Sharing and 
Access 
Description: Gaps between the amount of data that are shared 
or made accessible and the amount of data that is not 
Indicators:  
Many indicators of a sharing gap carry over from other gap 
areas (for instance, lack of incentives and demand, challenges 
of dealing with issues of privacy, confidentiality, security, and 
intellectual property, and difficulties arising from legal and 
policy considerations). Indicators of an access gap similarly 
carry over from other areas (e.g., deficiencies in commitment 
and responsibility, insufficient infrastructure, human 
resources, or curation). The implication is that more sharing 
and provision of access might occur if there were not gaps in 
these other areas. 
 Discovery Description: Gap between the amount of accessible data that 
is discoverable and the amount that is not 
Indicators: Similar to sharing and access, indicators of a 
discovery gap arise from other areas, including infrastructure 
and tools to facilitate discovery, lack of data shared and able 
to be discovered, lack of sufficient metadata or curatorial 
activities that would facilitate discovery. 
 Reuse Description: Gap between the data that is available for reuse 
and the data that is used 
Indicators: Difficulty of reusing data (due to poor metadata 
quality,97 lack of required expertise,98 inability to assess 
                                                 
93 Ubaldi 2013, Lynch 2008. 
94 NSF 2007. 
95 NSB 2005, OECD 2015, Borgman et al. 2014, Borgman 2015, Ubaldi 2013. 
96 Cummings et al. 2008. 
97 Eakin et al. n.d. 
98 Borgman 2012, Borgman 2015. 
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integrity of and understand data,99 challenges of certain 
approaches to reusing data, such as computational analysis,100 
reticence to trust data101) 
Table 1. Stewardship gap areas, descriptions, and indicators 
                                                 
99 Borgman 2012, Wynholds et al. 2011. 
100 Borgman 2015. 
101 Wynholds et al. 2011, Tenopir et al. 2015. 
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